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BACKGROUND OF THE INVENTION 

Human (and other vertebrate) immune responses comprise complex and 
intricately regulated sequences of events, involving cells of several different types. An 
immune response can be triggered when an antigen in a human body encounters an 
antigen-presenting cell (APC). The APC can capture the antigen and display a portion 
of it on its surface in a form that can be recognized by a helper T (Th) lymphocyte. 
Upon binding of a Th lymphocyte with the APC-displayed antigen, the Th lymphocyte 
can become activated. An activated Th lymphocyte promotes activation of 
lymphocytes of other types, the particular type(s) depending on the identity of the Th 
lymphocyte and the context in which the antigen is displayed by the APC. Various 
types of Th lymphocytes can, for example, promote activation of cytotoxic T cells or 
proliferation or differentiation of antigen-specific B cells. Th lymphocytes can activate 
other lymphocytes by secreting one or more polypeptide hormones designated 
cytokines. Th lymphocytes exhibit the CD4 antigen on their surface. 

Functionally distinct types of Th cells have been described in humans. 
At least two types of Th cells have been characterized, based on the cytokines they 



produce. Type 1 Th cells (i.e., Thl cells) can produce interleukin-2 (IL-2), interferon- 
gamma (IFN-g), and tumor necrosis factor-beta (TNF-b). Type 2 Th cells (i.e., Th2 
cells) can produce IL-4, IL-5, IL-6, and IL-10. 

Immune responses activated by Thl cell activation (i.e., a 'type 1 
5 immune response' or Thl -mediated response') are characterized by significant 

production of IFN-gamma and promotion of cytotoxic lymphocyte activity. Type 1 
immune responses can be induced, for example, by the presence of bacteria in the 
human body. The cytotoxic lymphocytes activated in a Thl -mediated response are 
capable of recognizing and killing cells that display the Thl -activating antigen on their 

10 surface. Thus, induction of a type 1 immune response can lead to elimination from the 
body of antigen-bearing cells. Excessive or otherwise inappropriate induction of a type 
1 immune response can cause damage to normal (i.e., non-diseased tissues) in a human. 

Immune responses activated by Th2 cell activation (i.e., a 'type 2 
immune response' or Th2-mediated response 1 ) are characterized by significant 

1 5 production of IL-4 and promotion of humoral immunity (e.g., production of 
immunoglobulins, particularly including IgE). Type 2 immune responses are 
commonly induced in response to chronic infections (e.g., parasitic infections), and 
tend to inhibit, prevent, or reverse type 1 immune responses. Type 2 immune 
responses will normally eliminate a pathogen from the body, and can thereby inhibit 

20 further infection by an infectious agent. However, type 2 immune responses generally 
do not eliminate all pathogen-infected or diseased cells from the body. Thus, cells 
which exhibit the antigen that induced the type 2 immune response may persist 
chronically in the body. This occurs particularly when antigen-bearing cells (e.g., 
virus-infected cells or tumor cells) induce inappropriate activation of a type 2 immune 

25 response, which can facilitate persistence of the antigen-bearing cells in a human body. 

Inflammation is a normal localized immune response to invasion or 
injury caused by an infectious agent (e.g., a bacterium) or by a tumor. In a process 
analogous to the manner in which blood flow can increase the supply of glucose and 
oxygen to active muscle tissue during a period of exercise, an inflammatory response 
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can increase the supply of elements of the immune system at a local disease (e.g., 
infection or tumor) site in order to mount an effective defensive immune response. An 
effective inflammatory response can be characterized by at least six events: 

i) release of antigens from diseased or pathological cells at the disease 
5 site and secretion of chemotactic factors at the injured site; 

ii) infiltration of the disease site by cells of the immune system; 

iii) polarized type I or type II activation of the immune cells by the 
antigens released at the site; 

iv) amplification of the inflammatory response over time, at least for a 

10 limited period; 

v) elimination of the diseased or pathological cells by immune cells; 

'% and 

vS 

vi) conversion of activated immune cells into memory cells which are 
gi capable of providing long-term protection against the antigen or antigen-bearing cells. 
C 1 5 Cancer is one of the foremost causes of mortality and morbidity among 
w humans. Many cancers are manifested by the existence of tumors, which are clumps or 
p masses of cancer cells. In the past, cancer cells were generally believed to be non- 

C immunogenic, since they are derived from autologous (i.e., 'self) tissue, which 

5j normally does not induce an immune response. However, tumor-reactive lymphocytes 

! ^ 20 can be isolated from patients afflicted with many types of cancer (Lee et al., 1 997, 
Blood 90:1611-1617). 

A significant portion of tumor mass is made up of lymphocytes. These 
cells, designated tumor-infiltrating lymphocytes (TILs), typically produce cytokines 
(e.g., IL-4) that are characteristic of a type 2 inflammatory response (Roussel et al, 
25 1996, Clin. Exp. Immunol. 105:344-352). It has been postulated that predominance of 
type 2 TILs support a type 2 inflammation in tumors that inhibits tumoricidal cytotoxic 
immune responses. It has furthermore been suggested that modulation of the type of 
immune response exhibited by TILs can have anti-cancer therapeutic effects (Gorelik 
et al., 1994, Cancer Immunol. Immunother. 39:1 17-126; Pellegrini et al., 1996, Cancer 



Immunol. Immunother. 42:1-8; Goedegebuure et al., 1997, Cell Immunol. 175:150- 
156; Fujimoto et al., 1997, J. Immunol. 158:5619-5626; Okamoto et al., 1997, Int. J. 
Cancer 70:598-605; Stein et al., 1998, Eur. J. Med. Res. 3:194-202; Li et al, 1998, J. 
Surg. Oncol. 67:221-227). However, despite this recent understanding regarding both 
5 types of inflammatory response, no course of treatment has previously been identified 
whereby a type 2 inflammatory response (i.e., one conducive to tumor survival or 
growth) can be converted to or overcome by a type 1 inflammatory response (i.e., one 
in which tumor growth slows or halts and tumor regression is enhanced). 

Current cancer therapies (e.g., surgery, radiotherapy, and chemotherapy) 

10 are relatively inefficient, and have very debilitating side effects that lead to relapses 
and death. In view of the overwhelming toll of human mortality and morbidity 
associated with cancer, an urgent need remains for therapeutic compositions, kits, and 
methods which can slow or reverse tumor progression in humans while reducing 
morbidity and offering protection against tumor relapse. The present invention 

1 5 satisfies this need, at least in part, by providing therapeutic compositions, kits, and 
methods which can be used to reliably treat a variety of human cancers, reduce 
treatment-related morbidity (relative to prior art therapeutic methods), and offer 
protection against tumor relapse. 



20 BRIEF SUMMARY OF THE INVENTION 

The invention relates to a method of alleviating a tumor in a human 
patient. The method comprises locally administering to the tumor (i) an antigen- 
releasing agent, (ii) a leukocyte attractant, and (iii) interferon-gamma (IFN-g) and a 
second type 1 inflammatory response- (IRl-)promoting agent (e.g., one of interleukin-2 
25 (IL-2), interleukin-12 (IL-12), tumor necrosis factor-alpha (TNF-a), and tumor necrosis 
factor-beta (TNF-b)). 

The antigen-releasing agent induces release of one or more tumor 
antigens from cells of the tumor, and can, for example, be one of a proteolytic enzyme, 
an apoptosis-inducing agent, electrical current, a strong acid, and a strong base. The 
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leukocyte attractant induces leukocytes to infiltrate the tumor. Together, the agents 
administered to the tumor induce a type 1 inflammatory response in the tumor and 
alleviate the tumor (i.e., cause it to shrink or disappear). An added benefit of this 
therapeutic method is that the incidence of tumor recurrence can be decreased, relative 
to other tumor alleviation methods. 

In one embodiment, the method further comprises locally administering 
to the tumor a type 1 lymphocyte attractant (e.g., one of RANTES, IP- 10, and Mig), in 
order to sustain the type 1 inflammatory response. The type 1 inflammatory response 
can also (or instead) be sustained by administering autologous leukocytes to the 
patient. These leukocytes can be isolated from the patient, expanded ex vivo, induced 
to differentiate, and returned to the patient, preferably by local administration at the 
tumor site 

In order to reduce recurrence of the tumor, a memory cell-inducing 
agent (interleukin-15 (IL-15) or interferon-alpha (IFN-a)) can be administered to the 
patient in order to enhance production of anti-tumor type 1 immune memory cells. 
When used, the memory cell-inducing agent is preferably administered locally to the 
tumor site after most (e.g., 90%) of the tumor mass has disappeared, but before the 
tumor has been completely ablated. 

The therapeutic method can further comprise supplementing the 
patient's nutrition with a nutrient such as a vitamin (e.g., one or more of vitamins A, B, 
C, D, and E) or a mineral (e.g., one or more of selenium, zinc, calcium, magnesium, 
iron, and copper). 

The invention also includes compositions useful in performing a tumor 
therapeutic method described herein. For example, such a composition can comprise 
IFN-g and a second IR1 -promoting agent. Local administration of the composition to a 
tumor induces a type 1 inflammatory response in the tumor, and the tumor is thereby 
alleviated. The composition can further comprise one or more of a leukocyte 
attractant, an antigen-releasing agent, and a pharmaceutically acceptable carrier. 



The invention also includes a kit for alleviating a tumor in a human 
patient. The kit can comprise one or more of the agents used in the methods described 
herein, equipment and devices used in those methods, and an instructional material 
which describes one or more of the methods. 

5 

DETAILED DESCRIPTION OF THE INVENTION 
The invention relates to compositions, kits, and methods for alleviation 
of cancer in human patients. The invention is based on inducing a type 1 inflammatory 
response at the site of a tumor. Induction (or enhancement) of a type 1 inflammatory 

1 0 response at a tumor site (i.e., within and near the margins of a tumor) can cause the 
tumor to shrink or disappear, reduce the invasiveness or metastatic capacity of the 
tumor, and enhance production of immune memory cells which specifically recognize 
tumor tissue and inhibit or prevent relapse (i.e., recurrence) of the tumor. 

Although the desirability of exchanging a type 1 immune response in 

1 5 tumor tissue in place of the normally-prevalent type 2 response is becoming better 
understood, there is presently no treatment for reliably establishing a type 1 immune 
response in tumor tissue. The present invention overcomes the deficiencies of the prior 
art by providing therapeutic compositions, kits, and methods which can reliably be 
used to activate Thl cells in and around tumor tissue, with the result that tumor- 

20 cytotoxic inflammation is induced in the tumor, leading to its regression or elimination. 

Prior art methods of inducing tumor cell death include administration of 
agents which are cytotoxic to tumor cells, but which either exhibit lesser cytotoxicity 
with respect to non-tumor cells or are selectively delivered to tumor cells. Although 
these methods have exhibited limited success at limiting the size and rate of 

25 progression of tumors, at least for limited periods, many of these methods also exhibit 
a critical drawback that limits their effectiveness. Delivery of a cytotoxic agent (e.g., 
radiation or a cytotoxic chemical compound) to a tumor can kill not only tumor cells, 
but also any non-tumor cells which are present in the tumor. This cytotoxicity can be 
caused by the direct effect of the agent on the non-tumor cells, by a 'by-stander' effect 
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wherein the agent induces localized cytotoxicity that is not specific for tumor cells 
(e.g., by release of a cytotoxin such as ricin from an agent intended to deliver the 
cytotoxin specifically to tumor cells), or by other mechanisms. Tumors normally 
comprise a significant number of leukocytes which, if appropriately activated, can 
induce tumor cell death and lead to tumor regression. Many anti-tumor cytotoxic 
agents kill these lymphocytes in addition to tumor cells. Thus, although many prior art 
anti-tumor agents kill significant numbers of tumor cells, the agents also kill significant 
numbers of leukocytes in the tumor. Elimination or inactivation of these tumors 
reduces the body's ability to marshal its cytotoxic immune resources to combat the 
tumor. The net effect of anti-tumor treatment using many of these prior art anti-tumor 
agents is temporary reduction in tumor mass without enhancement of the body's ability 
to destroy the tumor remnants or prevent recurrence of the tumor. As a result, tumor 
recurrence frequently occurs following prior art anti-tumor treatment methods. 

The methods described in this specification can be distinguished from 
prior art anti-tumor therapeutic methods in several ways. For example, the methods 
described herein enhance activity and proliferation of the body's anti-tumor cytotoxic 
immune cells within and in the immediate vicinity of the tumor, rather than killing 
these cells as in prior art methods. Furthermore, by enhancing activity and 
proliferation of anti-tumor immune cells, the methods described herein can inhibit or 
prevent recurrence of the tumor in that patient's body. 

The anti-tumor therapeutic methods described herein can be outlined as 
follows. Enzymes or other compounds which cause release of antigens from tumor 
cells (and which preferably also induce tumor cell death) are delivered locally to a 
tumor. These compounds are selected such that they are not cytotoxic with respect to 
lymphocytes (or at least less cytotoxic with respect to lymphocytes than with regard to 
tumor cells). TILs are attracted to the tumor site by local administration of one or more 
chemokines to tumor tissue. Local administration of type I lymphokines to the tumor 
polarizes the TILs to exhibit a type 1 inflammatory response, leading to tumor tissue 
destruction. Sustained amplification of the type 1 inflammatory response can be 



effected by repeated local delivery of the type 1 -polarizing cytokines to the tumor site. 
The net effect of this treatment is that the body's own immune defenses are mobilized 
for destruction of the tumor. Continued survival of type 1 -polarized lymphocytes, 
converted into memory cells, in the patient's body can prevent recurrence of the tumor 
at the same site or at a different body location. These lymphocytes can also travel to 
and destroy related tumors which may exist in the patient's body (e.g., by metastasis of 
cells from the original tumor). 

These methods, and compositions and kits for performing them, are set 
forth in greater detail in the following sections. 

Definitions 

As used herein, each of the following terms has the meaning associated 
with it in this section. 

The articles M a" and "an" are used herein to refer to one or to more than 
one (i.e. to at least one) of the grammatical object of the article. By way of example, 
"an element" means one element or more than one element. 

A "tumor" refers to a solid or semi-solid mass of tissue comprising cells 
which exhibit uncontrolled growth characteristic of cancer. Tumors include both 
benign tumors (i.e., those which do not appear to be invading surrounding tissues or 
metastasizing to other body sites) and malignant (i.e., non-benign) tumors. 

"Co-administration" of two or more agents means administration of the 
agents sufficiently close in time that the periods of significant activity of each of the 
agents in vivo overlaps. By way of example, co-administration includes administration 
of a first and a second agent sufficiently close in time that the level of activity, in vivo, 
that is attributable to the first agent is more than half its maximum post-administration 
level at a period of time when the level of activity, in vivo, that is attributable to the 
second agent is more than half its maximum post-administration level. Co- 
administered agents can be administered in the form of a single composition 



comprising each agent, in the form of individual agent preparations, or (i.e., when there 
are more than two agents) in combinations of such forms. 

Description 

5 Tumorigenesis is a largely continuous occurrence in animals such as 

humans. Every day, millions of cell divisions occur in a human, and mutations and 
other genetic lesions inevitably occur in at least some of these divisions, leading to 
generation of cells which exhibit uncontrolled growth (i.e., cancer cells). Recognition 
and destruction of cancer cells are among the normal functions of the human immune 

10 system. When appropriately activated, cells of the type 1 immune response (including, 
for example, cytotoxic T cells) are capable of specifically destroying cells which 
exhibit abnormal cell surface markers (e.g., cancerous or virus-infected cells). 
However, survival of cancer cells is sometimes promoted by activation of cells of the 
type 2 immune response, which are normally associated with inactivation of parasitic 

1 5 or chronic infective agents, but which are not normally associated with tumorotoxicity . 
The type 2 immune response can sometimes be induced by the cancerous cells 
themselves, such as when the cancerous cells secrete factors which promote induction 
of the type 2 immune response. 

Among the characteristics of the type 2 immune response is that type 1 

20 inflammatory responses are inhibited when it occurs. Because tumoricidal cytotoxicity 
is associated with the type 1 inflammatory response, but not with the type 2 immune 
response, the type 2 immune state can prolong survival of tumor tissue and permit that 
tissue to evade the patient's normal immune defenses. 

The anti-cancer therapeutic method described in this specification 

25 involves altering the type 2 immune response which normally occurs in tumor tissue 
such that a type 1 inflammatory response takes over (i.e., type 1 inflammation is 
initiated or de-repressed). Cells associated with the type 1 inflammatory response 
recognize and kill tumor cells, thereby achieving tumor reduction (or even elimination) 
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in the absence of the often debilitating or disfiguring side effects associated with 
administration of prior art anti-tumor agents. 

In a preferred embodiment, the treatment method comprises three 
elements, as set forth in the three ensuing paragraphs. Although the elements are 
5 designated 'first; 'second/ and 'third/ the actions corresponding to these elements need 
not be performed in this sequential order (although, in a preferred embodiment, the 
actions corresponding to the first element are performed prior to {e.g., at least two 
hours prior to} the actions corresponding to the second and third elements). 

First, one or more agents (e.g., tumor de-bulking agents such as 
1 0 proteases or mixtures of proteases) are administered directly to the tumor tissue (e.g., 
by injection into the tumor at one or more sites) in order to cause release of tumor 
antigens from tumor cells. Without being bound by any particular theory of operation, 
it is believed that release of antigens from tumor cells permits those antigens (e.g., 
fragments of tumor cell surface proteins) to interact with immune cells in ways that are 
1 5 not possible when the antigens remain part of a tumor cell. Release of tumor antigens 
from tumor cells facilitates induction of immune responses which are specific for the 
tumor cells. 

Second, TILs are recruited to the tumor site by local administration of 
one or more TIL chemoattractants. TILs that are recruited to the tumor site can be 
20 activated to secrete chemokines which attract more TILs, induce the TILs to exhibit a 
type 1 inflammatory response, or both. 

Third, leukocytes present at (or recruited to) the tumor site are induced 
to exhibit a type 1 inflammatory response by locally administering two or more type 1 
inflammatory response promoting agents ("IR1 -promoting agents") including 
25 interferon-gamma ("IFN-g") with others such as interleukin-2 ("IL-2"), and tumor 
necrosis factor beta ("TNF-b") to the tumor tissue. The IR1 -promoting agents are 
preferably administered together in a single composition; however, they can be 
administered separately, but closely in time (e.g., seconds or minutes up to a few hours 
apart). The IR1 -promoting agents can be locally administered to the tumor, for 
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example, by injecting them into one or more sites in the tumor, peritumorally, or both. 
Preferably, the IR1 -promoting agents are injected into two or more sites in the tumor, 
the sites spaced approximately equally apart in the tumor mass. 

In the presence of two or more of these agents, TILs exhibit 
characteristics of a type 1 inflammatory response, such as the ability to kill tumor cells 
and virus-infected cells. Such TILs can destroy tumor tissue, leading to shrinkage, or 
even disappearance, of the tumor from the patient's body and alleviation of tumor- 
related symptoms (e.g., pain, weight loss, nausea, exhaustion, and symptoms associated 
with the presence of a tumor at a particular body location). 

Although the tumor treatment method can include only these three steps, 
preferred embodiments of the method include one or more of three additional steps, 
which are designated the fourth, fifth, and sixth steps in the ensuing three paragraphs. 

Fourth, the effectiveness (i.e., sustained potency) of the treatment can be 
enhanced by amplifying the type 1 inflammatory response induced in and/or around the 
tumor tissue. This can be achieved, in one embodiment, by additional (e.g., sustained 
or repetitive) local administration of the same or different IR1 -promoting agents to the 
tumor tissue or the tumor site. Alternatively, or in addition, autologous lymphocytes 
can be provided to or near the tumor site, in order to provide a greater pool of 
lymphocytes from which TILs can be generated or separated. The autologous 
lymphocytes can have been induced to proliferate ex vivo, in order to enhance the 
number of cells available for administration to the tumor site. The additional 

lymphocytes can also have been induced to differentiate into Thl-VLA6 + or Thl- 

+ 

CD49f cells by treating them, ex vivo, with one or more IR1 -promoting agents. 

Fifth, generation, proliferation, or both, of immune memory cells can be 
induced by injecting a memory cell-inducing agent (e.g., interferon-alpha {"IFN-a"} or 
interleukin-15 {IL-15}) at or near the tumor site at one or more steps of the treatment. 
Immune memory cells (e.g., activated B or T lymphocytes) are normally formed in the 
presence of an antigen, and normally are able to rapidly differentiate to form type 1 and 
type 2 immune cells upon re-exposure to the antigen. However, during a type 2 



immune response, formation of type 1 immune memory cells can be inhibited and their 
differentiation or activation in response to the presence of the antigen can be inhibited. 
Formation of these type 1 memory cells is preferably enhanced during the period of 
type 1 inflammatory response brought about by the other steps of the treatment 
5 disclosed herein, resulting in formation of type 1 memory cells which can rapidly 
respond to recurrence of the tumor at the same or a different body site. 

Sixth, the effectiveness of the anti-tumor treatment disclosed herein can 
be enhanced by enhancing the patient's general state of health, and particularly by 
enhancing the state of the patient's immune system. Nutritional supplementation 

1 0 methods are known in the art, and preferred regimens are described herein. 

In the following sections, particular aspects of these six steps are 
disclosed. The anti-tumor treatment includes at least the steps of enhancing tumor 
antigen release, inducing tumor infiltration by lymphocytes, and induction of a type 1 
inflammatory response. Of course, two or more of these steps can be combined, 

1 5 although the antigen-release step preferably precedes the others by a period of at least 
several hours (i.e., in order to generate a gradient of tumor antigen having its focus at 
the tumor site). One or more of the fourth, fifth, and sixth steps described above (and 
preferably all three) can be included in the method. The sixth step can be performed at 
any time during the method, and is preferably performed throughout. The fourth and 

20 fifth steps preferably follow the antigen-release step by a period of at least several 
hours. 

Enhancing Tumor Antigen Release 

The method includes inducing release of antigens from tumor cells. 
25 Many methods which induce antigen release are also associated with significant 

cytotoxicity. Thus, the antigen release step can effect de-bulking of the tumor as well. 
So long as more (preferably significantly more) tumor cells than lymphocytes are 
killed, the de-bulking can enhance or speed the anti-tumor treatment by reducing the 
tumor burden in the patient. Tumor de-bulking can be achieved by administering a 
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tumor de-bulking agent to the tumor in order to cause death of at least a fraction of 
tumor cells and release of tumor antigens from the killed tumor cells. The antigen- 
release-inducing agent can be administered locally to the tumor tissue, systemically, or 
in any other manner in which the agent is brought into contact with the tumor tissue. 

The antigen-release-inducing agent is preferably one which exhibits 
relatively little or no cytotoxicity with regard to leukocytes, particularly with regard to 
TILs. Examples of suitable antigen-release-inducing agents include compositions 
comprising one or more de-bulking agents, which include proteolytic enzymes such as 
trypsin, chymotrypsin, pepsin, and collagenase, apoptosis-inducing agents such as 
alkylphospholipids (e.g., alkylphosphocholines such as hexadecylphosphocholine or 
edelfosine), electrical current (e.g., delivered by way of electrodes inserted into tumor 
tissue), and strong acids and bases (e.g., concentrated solutions of sodium and 
potassium hydroxides and hydrochloric acid). The agent is administered locally to the 
tumor tissue (e.g., by topical application to the tumor tissue or by intratumoral and/or 
peri-tumoral injection) in order to decrease damage to non-tumor tissues. 

Surgical tumor disruption and radiative tumor disruption methods can 
be used to induce release of antigens from tumor cells. However, these methods are 
not preferred, owing to their relative non-specificity with respect to killing tumor cells 
and lymphocytes. Of course, it can be possible to overcome this limitation by 
providing lymphocytes to the tumor site from an extracorporeal source (e.g., 
autologous lymphocytes which have been induced to proliferate, differentiate, or both, 
ex vivo). 

The following four paragraphs describe examples of methods of 
inducing release of antigens from a tumor located in a patient's body. 

An aqueous composition comprising one or more proteases (e.g., one or 
more of trypsin, chymotrypsin, pepsin, and collagenase) is prepared, wherein the 
concentration of each protease is about 2,000 to 10,000 units per cubic centimeter of 
tumor volume to be targeted. An aliquot of this solution representing from about 1/50 
to 1/100 of the volume of the tumor to be affected is injected into the tumor. For 
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example, about 100 microliters of a suspension of several proteases, each having a 
concentration of about 50,000 units per milliliter can be injected into a tumor having a 
volume of about 10 milliliters. This solution is preferably injected into several 
locations in the same tumor, in order to distribute the antigen-releasing and/or tumor- 
5 de-bulking effects throughout the tumor mass. Using this treatment, about 10-20% of 
the tumor can be expected to be digested (i.e., about 10-20% of tumor cells will be 
killed). Of course, other concentrations and combinations of enzyme can be used. 

In another embodiment, antigen release from a tumor is induced by 
injecting a solution of one or more alkylphosphocholines into the tumor mass, 

1 0 preferably at spatially distinct locations. Alkylphosphocholines are phospholipids 
which have structural similarity to naturally-occurring cell membrane phospholipids. 
Alkylphosphocholines such as hexadecylphosphocholine and edelfosine (l-O- 
octadecyl-2-0-methyl-rac-glycero-3-phosphocholine) are relatively non-toxic with 
regard to lymphocytes, but can induce disruption (i.e., apoptosis) of tumor cells, 

15 thereby effecting antigen release. A suspension containing about 50-250 milligrams of 
each alkylphosphocholine per milliliter of tumor volume can be prepared, and an 
aliquot having a volume of about 1/50 to 1/100 the tumor volume can be injected. For 
example, 200 microliters of a suspension comprising 25% (w/v) 
hexadecylphosphocholine or edelfosine can be injected into a tumor having a volume 

20 of about 10 milliliters. The treatment described in this paragraph can be expected to 
disrupt about 10-20% of the tumor (i.e., to induce apoptosis of 10-20% of tumor cells). 

In another embodiment, release of antigens from tumor cells can be 
induced by applying electrical potential across a portion of the tumor (i.e., by passing 
electrical current through a portion of the tumor). Electrochemical tumor disruption 

25 can be effected by inserting an electrode having a polarity (e.g., an anode) in one 
portion of a tumor mass, inserting an electrode having the opposite polarity (e.g., a 
cathode) in another portion of the tumor mass, and applying an electrical potential 
across the electrodes. Of course, multiple electrodes of each type can be used, so long 
as there is at least one electrode having a polarity opposite to that of another electrode. 

- 14- 



For example, an anode having a diameter of about 0.5 millimeter can be inserted in 
about the center of a tumor mass, and multiple cathodes can be inserted into the 
periphery of the tumor mass, about 3 centimeters apart from each other. A direct 
current potential of about 5-10 Volts is applied between the anode and cathodes, and 
5 about 40-100 milliamperes of current are delivered for a period of about 1-2 hours. 
The total charge delivered to the tumor during this period is estimated to be about 60- 
80 Coulombs per cubic centimeter of tumor. This treatment can be expected to induce 
tumor tissue destruction within about 3 centimeters from each electrode. 

Disruption of tumor tissue and release of tumor antigens can also be 

10 effected by direct administration to tumor tissue of a solution of concentrated acid or 
base. For example, a 10 molar solution of hydrochloric acid or a 10 molar solution of 
sodium hydroxide can be administered intra-tumorally. An aliquot of either of these 
solutions equal in volume to about 1/50 to 1/100 of the tumor volume can be injected 
(for example, 100 microliters of one of these solutions can be injected into a tumor 

15 having a volume of 10 milliliters). The solution is preferably injected into two or more 
spatially distinct locations in the tumor mass, although a single injection can be used 
for small tumors. Treatment as described in this paragraph can be expected to induce 
death of about 10-20% of tumor cells, and the concentration or identity of the acid or 
base can be adjusted to effect this level of tumor cell killing. 

20 

Inducing Tumor Infiltration by Lymphocytes 

The anti-tumor therapeutic method includes a step wherein leukocytes 
are attracted to the tumor site, or into the tumor itself. Recruitment of leukocytes at a 
particular location can also be effected by causing leukocytes that are already at the 
25 location to proliferate. It is known in the art that leukocytes of particular types can be 
attracted to a location in a body (or in vitro) by the existence of one or more particular 
chemokines at the location. Of course the particular types of leukocytes vary with the 
particular chemokines. For example, monocytes can be attracted to a site by the 
presence of MCP-1, MCP-2, MCP-3, or MCP-4. T cells are attracted by RANTES, IP- 



10, or Mig. Eosinophils can be attracted by the presence of eotaxin at a body location. 
Furthermore, recruitment of type 1 inflammatory cells can be enhanced by inducing 
proliferation or activation of the cells at the site. For example, IL-2 is known to induce 
proliferation of lymphocytes which exhibit the CD4 antigen (including Thl 
lymphocytes) and to induce activation of lymphocytes which exhibit the CD8 antigen 
(e.g., cytotoxic T lymphocytes). 

Leukocyte infiltration into a tumor is preferably induced following a 
period of several (e.g., 6-8) hours following induction of tumor antigen release. 
Waiting for this period prior to inducing leukocyte infiltration permits conditions used 
to disrupt tumor cells, or induce antigen release therefrom, to dissipate. This period 
also provides time for a gradient of tumor antigen to develop having the tumor at its 
most concentrated location. Formation of such a gradient can enhance the ability of 
lymphocytes and macrophages to localize specifically within the tumor. 

One embodiment of a method by which infiltration of lymphocytes into 
a tumor is induced is as follows. A suspension comprising IFN-g and TNF-a is 
prepared, comprising about 20-100 units per milliliter of tumor volume of IFN-g and 
about 100-500 units per milliliter of tumor volume of TNF-a. The suspension further 
comprises IP- 10 and Mig, each at a concentration of about 1-100 nanograms per 
milliliter of tumor volume. An aliquot of this suspension is administered intra- 
tumorally, the volume of the aliquot being approximately 1/50 to 1/100 the volume of 
the tumor. The aliquot is preferably administered by injection into one or more sites 
within the tumor, multiple sites preferably being approximately equidistant from one 
another. Injection of this suspension activates monocytes such that they produce 
monocyte chemoattractants and also attracts TILs to the tumor. In some instances, IP- 
10, Mig, or both, can be omitted from the suspension, because these TIL 
chemoattractants are normally produced by activated monocytes (which are attracted to 
the tumor site by IFN-g and TNF-a). The suspension can be repetitively administered 
to the tumor, or administered in a sustained-release formulation; however, repetitive 
and sustained administration will often be unnecessary, owing to the self-sustaining 
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nature of the type 1 inflammatory response induced by attracting monocytes to the 
tumor site (i.e., the monocytes attract more monocytes and TILs). 

In another embodiment, granulocytes (e.g., neutrophils and basophils) 
are attracted to the tumor site by including one or more granulocyte-attractive agents in 
5 the suspension of chemokines that is administered to the tumor. Examples of such 
agents include IL-8, granular component P-2 (GCP-2), growth-related oncogens 1, 2, 
and 3 (GROs), neutrophil-activating protein 2 (NAP-2), and others known in the art. 
The desirability of attracting granulocytes to a tumor can depend on the type of tumor 
being treated. For example, some tumors (e.g., certain brain tumors, such as gliomas) 

10 do not form solid tissue masses, but instead have a gelatinous consistency. In 

gelatinous tumors, granulocytes can enhance inducement, endurance, or both, of a type 
1 inflammatory response in the tumor tissue, presumably attributable to cytotoxic 
factor exhibited by granulocytes. Thus, it can be preferred to include administration of 
a granulocyte-attracting chemokine in a composition, kit, or method for treating a 

1 5 semi-solid tumor. 

In addition, it is recognized that certain chemokines can be more 
conveniently provided to certain tissues than others. For example, the chemokine 
designated neurotactin (sometimes designated fractalkine or type 1 membrane protein) 
can be administered to brain tissue (i.e., for treatment of brain tumors). 

20 The effectiveness of numerous individual chemokines for inducing 

infiltration of lymphocytes into tissues of various types is known, although not all of 
these characteristics are replicated in this specification. 

Initiation of the type I inflammatory response can, alternatively, be 
achieved or supplemented by injecting another inflammation-inducing agent into the 

25 tumor mass. For example, modified bacteria (e.g., Bacillus Calmest-Guerin), 

lipopolysaccharides, or mild tumor-de-bulking or tumor-antigen-releasing agents can 
be used to induce inflammation that will attract monocytes to the site. Once attracted 
to the site, the monocytes can secrete Thl -attracting lymphokines. Because it is 
preferable to achieve rapid and efficient induction of a type 1 inflammatory response, 
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administration of IP-10, Mig, or (preferably) both, is the preferred method of inducing 
inflammation. 

Inducing a Type 1 Inflammatory Response 

5 The anti-tumor therapeutic methods described in this specification also 

include a step in which the lymphocytes present within a tumor or at the tumor site are 
induced to exhibit a phenotype and functional properties characteristic of a type 1 
inflammatory response. Activation of Thl cells and T cytotoxicl (Tc-1) cells which 
have cell surface receptors that bind specifically with tumor antigens is desirable, and 

10 contributes to tumor cell cytotoxicity. In some embodiments of the method, 

granulocytes can also be activated such that they contribute to the type 1 immune 
response and contribute to tumor cell cytotoxicity. 

Promotion of a type 1 immune response within or in the vicinity of a 
tumor can be achieved by local administration of lymphokines which are normally 

15 produced by lymphocytes associated with a type 1 immune response. For example, a 
suspension of IL-2, IFN-g, and TNF-b can be administered in order to achieve this 
effect. The suspension can also comprise TNF-a and IL- 12. Any combination of these 
five lymphokines can be used. However, the combination of IL-2, IFN-g, and TNF-b 
is preferred, because it has been discovered that this combination exhibits better 

20 synergy and permits use of lower doses of each of the three agents. For example, one 
useful suspension comprises 10-100 units of IL-2 per milliliter of tumor volume, 100- 
1000 units of IFN-g per milliliter of tumor volume, and 50-500 units of TNF-b per 
milliliter of tumor volume. An aliquot of this suspension having a volume from 1/50 to 
1/100 of the volume of the tumor to be treated is administered intra-tumorally, at one 

25 or more sites in the tumor mass. The lymphokine suspension should be administered 
every 48-72 hours until the tumor mass becomes very small (e.g., less than 5% its 
original size) or undetectable (e.g., using digital imaging techniques such as CAT 
scanning). Alternatively, the lymphokine composition can be delivered in a sustained 
release form, so that fewer repetitions of the administration are necessary. For 
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example, slowly-dissolving rods comprising a biodegradable matrix (e.g., PLGA) 
having the lymphokine(s) sequestered therein can be used to effect delivery over a 
period of days or weeks. 



5 Sustained Promotion of Type 1 Inflammatory Response 

The effectiveness of the anti-tumor therapeutic method described in this 
specification can be enhanced by multiple (or sustained or continuous) local 
administration of one or more chemokines, followed by local administration of 
cytokines normally associated with a type 1 immune response. The effectiveness of 
1 0 the method can also be enhanced by single or multiple provision of leukocytes 
expanded or differentiated in vitro. 
Ik For example, Mig and IP- 10, two chemokines that attract both Thl and 

'h. 'i 

: ; Tel lymphocytes are prepared in a suspension comprising 10-500 nanograms each per 

•J ; milliliter. This suspension can be injected into the tumor less than about an hour 

% 1 5 before administering autologous lymphocytes that have been expanded or 

differentiated in vitro. Providing these chemokines to diffuse in the tumor before 
h r providing the lymphocytes enhances infiltration of the lymphocytes into the tumor. 

L Without being bound by any particular theory of operation, this enhancement of 

C infiltration is believed to be attributable to the ability of these chemokines to activate 

^ 20 avidity of the beta-1 integrin receptors on lymphocytes, causing them to migrate along 

the chemokine gradient. Thus, other compounds having this same effect can be used in 

place of these chemokines. 

Lymphocyte populations can also be expanded and differentiated in 

vitro using known methods. Preferably, the lymphocytes used in such in vitro 
25 procedures are obtained from the patient to whom they expanded or differentiated 

lymphocytes are to be administered, so that the patient's immune system will not reject 

the lymphocytes and so that the administered lymphocytes will not attack healthy (e.g., 

non-tumor) patient tissues. Also, the lymphocytes should be treated (e.g., by exposing 
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them to IL-12) in order to enhance expression of VLA-6, an integrin necessary for 
tumor infiltration (Roussel et al., 1997, J. Leuk. Biol. 62:356). 

Expansion of blood lymphocytes can be achieved by collecting 
lymphocytes from a patient. These lymphocytes will normally comprise a mixture of 

5 Thl-Tcl and Th2-Tc2 cells. The lymphocytes are maintained for five days in the 
presence of a low dose if IL-2 (e.g., 10-25 units per milliliter of medium) and a low 
dose (e.g., 10-100 units per milliliter of medium) of either IL-12 or IFN-g to promote 
Thl-Tcl expansion. Following this incubation, non-adherent cells are collected and 
expanded from 0.25 million cells per milliliter to 1.0 million cells per milliliter in the 

10 same medium. The cells are expanded several fold over the course of about 10 days 
(e.g., in AIM-V serum-free medium {GIBCO} in the presence of the same cytokines). 
Differentiation of the cells is achieved by adding 10-100 units per milliliter of IL-12 or 

^ IFN-a to the medium for 16-24 hours prior to injection of the cells into the patient. 

y t 

p This IL-12 (or IFN-a) treatment enhances expression of integrin VLA-6. The resulting 

V 1 5 expanded type 1 cells are infused peri-tumorally into the patient's body at a ratio of 
^ about 10 million to 100 million cells per milliliter of targeted tumor. The cells are 

p infused or injected at or near the tumor site (e.g., within a void in the tumor mass 

C formed by a tumor-antigen-release enhancing agent, such as electrical current or a 

? strong acid, or at a plurality of sites surrounding the tumor mass). 

F 20 Alternatively, lymphocytes can be expanded by incubating blood 

lymphocytes obtained from a patient with T cell receptor-specific antibodies fixed to 
beads (e.g., polyacrylamide beads). After rinsing the beads, they can be suspended in a 
medium, at a concentration of about 1 million beads per million cells, in a medium 
such as AIM-V in the presence of 10-100 units per milliliter IL-12 or IFN-g. Cells in 
25 the suspension are expanded several fold over the course of about 10 days. Prior to 
injecting the cells into the patient, the cells are separated from the beads and 
differentiated by exposing them to 10-100 units per milliliter IFN-a for 16-24 hours in 
order to enhance expression of VLA-6. The resulting expanded type 1 cells are infused 
peri-tumorally into the patient's body at a ratio of about 10 million to 100 million cells 
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per milliliter of targeted tumor. The cells are infused or injected at or near the tumor 
site. 

It is understood that in certain patients (e.g., those who mount an 
aggressive immune response to the tumor following the initial induction of type 1 

5 inflammation and those who are afflicted with only small tumors), promotion of a 
sustained type 1 inflammatory response will be unnecessary. Thus, the anti-tumor 
method described herein need not include a step in which promotion of such 
inflammation is sustained. Omission of this step may adversely affect production of 
immune memory cells, resulting in a less aggressive immune response in the event the 

10 tumor recurs. Thus, this step is preferably not omitted. 

Generation and Proliferation of Immune Memory Cells 

The human immune system will normally produce immune memory 
cells during the course of a reaction to a pathogen-infected or tumor cell when a type 1 

15 inflammatory response occurs in association with those cells. Production of immune 
memory cells can be insufficient to achieve an effective immune response upon 
recurrence of the tumor. However, generation and proliferation of immune memory 
cells can be enhanced during a type 1 inflammatory response by administering one or 
more appropriate agents (i.e., "memory cell-inducing agents" such as IL-15 and IFN-a) 

20 to the patient, preferably, at the site of inflammatory response. 

In one embodiment, production of immune memory cells is enhanced by 
administering about 100-1000 units per milliliter of tumor volume of IL-15 at the 
tumor site. Administration of IL-15 decreases the intensity of the inflammatory 
response and promotes conversion of activated T cells into memory T cells. These 

25 memory T cells endure in the body and perform a 'patrolling' function for many years. 
Further growth of the tumor at the treatment site, or growth of the tumor at a distant 
site, can induce a rapid anti-tumor immune response, thereby providing protection 
against recurrence of the tumor in the patient. 
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Of course, the anti-tumor treatment described herein can be performed 
without enhancing generation and proliferation of immune memory cells. However, 
owing to the long-term protective effect that can be achieved if this step is performed, 
the method preferably includes a step of this type. 

5 

Patient Nutrition 

In order to maximize the effectiveness of the anti-tumor treatment, the 
general state of health of the patient's immune system should be supported to the 
greatest extent possible, so that the treatment is not limited by immunodeficiencies not 

1 0 related to the patient's tumor load. For example, the patients nutritional intake should 
be monitored, and supplemented if necessary, in order to ensure that nutritional 
deficiencies do not limit the capacity of the patient's immune cells to mount a type 1 
inflammatory response. Examples of suitable nutritional regimens have been described 
(e.g., Bendich, 1997, Nutrition, 13:154-155; Weber et al, 1997, Nutrition 13:450-460; 

1 5 Rayman, 2000, Lancet 356:233-241 ; Anura et al, 1998, Am. J. Clin. Nutr. 

68(suppl):447S-463S). It is believed that particular nutritional requirements for which 
patient compliance should be monitored include a daily uptake of vitamin C (200-400 
milligrams), vitamin E (200-400 IU), selenium (200-400 micrograms), and zinc (15- 
100 milligrams). In addition, a multi-vitamin formula that includes the vitamins A, B, 

20 and D, and minerals such as calcium, magnesium, iron, copper, and trace amounts of 
other vitamins and minerals normally found in a well-equilibrated formula should be 
included in the patient's daily diet in order to enhance the patient's immune function. 

Compositions 

25 The invention includes compositions which are useful in performance of 

the methods described herein. Such compositions can include individual agents which 
are packaged in a form convenient for one or more of storage, transportation, and 
administration to human patients. These compositions can also include multiple agents 
which can be administered to patients in the form of a single composition (e.g., 
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multiple IR1 -promoting agents, multiple leukocyte attractants, multiple antigen 
releasing agents, multiple type 1 lymphocyte attractants, multiple nutritional 
supplements, and chemically compatible combinations of these ingredients). By way 
of example, a composition that is useful in the therapeutic methods described herein 
5 comprises both a leukocyte attractant and at least one IR1 -promoting agent. 

Kits 

The invention also includes kits that include one or more of the 
compositions described herein. Various kits combine, in a single package or in a 

10 plurality of packages that are sold, shipped, or promoted for complementary use, one or 
more of the compositions (e.g., in bulk packages or unit dosage forms), equipment or 
devices (e.g., electrodes or syringes), and instructional materials described herein. The 
instructional material can be a printed material, an audio or visual material, a 
computer-readable document or presentation, or any other tangible medium of 

15 expression whereby use of one or more of the methods and compositions described 
herein is explained to a medical practitioner, to a patient, or both. The instructional 
material need not be a single instructional material, but can be a series of pamphlets, 
videotapes, audio recordings, product package inserts, and the like. These materials 
can be provided together or separately with various compositions and devices 

20 described herein, or they can be provided separately with the intention that the 

materials will be used in conjunction with compositions or devices described herein in 
order to perform one of the therapeutic methods described herein. 

Medical information obtained from patients undergoing a therapy 
described herein can be assembled in various ways to make a database. In this 

25 database, treatment parameters (e.g., type and dose of various agents, dosing schedule, 
and the like) can be correlated with the characteristics of the patient (e.g., age, gender, 
general state of health), the disease being treated (e.g., with the tumor type or stage of 
progression), with the outcome that is achieved (e.g., the rapidity with which the tumor 
is shrunk), and with any information relating to recurrence. The resulting database can 

-23- 



be consulted when therapy of a new patient is undertaken, so that the method used to 
treat that patient can be matched with therapies which resulted in a favorable outcome 
in similar patients. This database can be provided (e.g., in the form of a computer- 
readable database) to users of the compositions, kits, and methods described herein, or 
5 it can be consulted by experts who communicate with those users. 

EXAMPLES 

The invention is now described with reference to the following 
Examples. These Examples are provided for the purpose of illustration only and the 
10 invention is not limited to these Examples, but rather encompass all variations which 
are evident as a result of the teaching provided herein. 

Example 1 

A patient diagnosed with a breast tumor mass having a diameter of 5 
1 5 centimeters is treated using the anti-tumor treatment described herein, as follows. 

A 500 milliliter sample of the patient's peripheral blood is withdrawn, 
and the cells are expanded in vitro, using a method described in the Detailed 
Description or in the prior art. The patient is instructed to begin taking a multi- vitamin 
formula including daily amounts of 300 milligrams of vitamin C, 300 IU of vitamin E, 
20 200 micrograms of selenium, and 50 milligrams of zinc. The total dosage of the 

supplement is divided in three equal doses, one to be taken with each of the three daily 
meals. 

After five days, the patient is prepared for tumor de-bulking by being 
immobilized in a bed and given a local anesthetic to desensitize the nerves of the breast 
25 tissue. With the assistance of live digital imaging, one electrode (negative polarity) is 
inserted in the center of the tumor mass, and two electrodes (each positive polarity) are 
inserted, one in each end of the tumor, about 2 centimeters from the center. Electric 
current is activated, and performed as described in the Detailed Description, for a 
duration of 2 hours. Thereafter, the patient rests for six hours. 
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In order to promote tumor leukocyte infiltration, a suspension 
comprising human IFN-g, TFN-a, IP- 10, and Mig, each at a concentration specified in 
the Detailed Description. The suspension is injected at five points distributed equally 
at the tumor periphery, each injection containing about twenty microliters of the 
5 suspension. The patient remains at rest for 24 hours. 

The patient is injected with an inflammation polarizing mixture 
comprising IFN-g, TNF-b, and IL-2, each at a concentration specified in the Detailed 
Description. This polarizing mixture is injected twice more, at 48 and 96 hours after 
the initial injection. 

1 0 One hour later, about five billion expanded peripheral blood 

lymphocytes (expanded from the patient's blood sample) are injected peri-tumorally, at 
five different sites surrounding the tumor. An injection of the expanded cells is made 
into each of the three holes created by the electrical de-bulking treatment, and two 
more injections are made in the periphery of the tumor. An aliquot of the suspension 

1 5 comprising IFN-g, IL-2, and TNF-a is injected intra-tumorally (although this 

suspension can, alternatively, be combined with the cell suspension prior to peri- 
tumoral infusion of the cells). This amplification step is repeated every two or three 
days until the tumor has regressed to about 10 percent of its original size. 

IL-15 is injected at the tumor site, as described in the Detailed 

20 Description, in order to terminate the type 1 inflammation by converting activated T 
cells into memory cells. The patient is thereafter discharged, and monthly follow-up 
sessions are scheduled. 



Example 2 

25 A patient in a poor nutritional state caused by a wide, thin stomach 

tumor covering the right wall of his stomach is treated using the anti-tumor treatment 
described herein. 
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The patient is placed on intravenous nutrition, including the daily 
nutritional requirements described in the Detailed Description. This treatment is 
continued for six days in order to partially replenish the patient's nutritional state. 

Hexadecylphosphocholine (in an amount described in the Detailed 

5 Description) is injected at a plurality of points within the tumor, the injections being 
guided by live digital imaging. A mixture of proteases, as described in the Detailed 
Description, is injected at a plurality of points in the tumor. The inflammation at the 
tumor site is monitored after 24 hours, and the tumor should exhibit much infiltration 
and inflammation, as is characteristic of stomach tumors. 

10 A suspension comprising IFN-g, TNF-b, and IL-2, in amounts specified 

in the Detailed Description, is injected at several points in the tumor mass in order to 
polarize the inflammatory response to a type 1 response in the tumor tissue. The tumor 
is monitored daily, and the polarizing suspension is injected into the tumor every 48 
hours. After five days on this regimen, the tumor is anticipated to regress at a rate of 

1 5 about 1 0 percent of its total surface per day. After 8 more days, the tumor is 
anticipated to have shrunk to about 15 percent of its original size, but the tissues 
surrounding the tumor are anticipated to have become inflamed, and the patient 
experiences stomach pain. 

The polarization treatment is discontinued, and IFN-a is injected into the 

20 tumor mass in order to halt the inflammatory response and induce memory cell 

production. IFN-a is also injected into the inflamed tissue surrounding the remaining 
tumor every two or three days, until the tumor has substantially disappeared, and the 
inflammation has diminished considerably. 

Oral nutritional intake can then be re-established in the patient. Once 

25 this is re-established, the patient is discharged and monthly follow-up monitoring 
sessions are scheduled. 

The disclosure of every patent, patent application, and publication cited 
herein is hereby incorporated herein by reference in its entirety. 
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While this invention has been disclosed with reference to specific 
embodiments, it is apparent that other embodiments and variations of this invention can 
be devised by others skilled in the art without departing from the true spirit and scope 
of the invention. The appended claims include all such embodiments and equivalent 
variations. 
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